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The effects of "I ray irradiation on the electrical properties of epoxy resin were in-
vestigated. Especially, the arc resistances which we-re important in using to the constitution 
materials of electrical apparatus took place the are, were discussed. ASTM D495-61 
standard method was nearly applied as the test method. As the tested resins, bisphenol 
A type, epoxy novolac type and cyc10aliphatic type one were choosen. Radiation dose was 
106 '""-'1 09 "I and the radiation was done at the room temperature and in the atomospheric 
air. 
Main results obtained are as follows. 
(1) In cyc10aliphatic type epoxy resin, the favorable properties are usually observed. 
(2) In using of aromatic amine type and acid anhydrous type curing agent, the 
favorable properties are observed to about 109 "1 radiation dose also and the decrease of 
arc resistances is remarkable in the resin cured with aliphatic type curing agent and catalyst. 
(3) The amount of curing agent for the maximum or the minimum arc resistance 
at the irradiation differs from it for the maximum or the minimum one at the non 
irradiation. 
(4) In general, the loading with the secondary materials causes the badness of the 
radiation dose dependence of arc resistance at the high radiation dose except the loading 
with the fillers. 
1 Introduction 
According to the recent development of atomic power industry, it has been needed to consider 
the effects of irradiation as the new factor hereafter, in the appraisal of the properties of elect-
rical insulating materials. Though the various electrical apparatus are used, for example, for the 
safety driving of the atomic furnace, it is supposed that the possibility of their exposures under 
the strong radiation field exists in that case. 
Hence, the radiation damages to the electrical insulating materials have became important 
from the point of the reliability of electrical apparatus also (1). 
They have been investigated from the point that what materials can be used as the insulating 
materials of electrical apparatus in the atomic furnace (1). 
On the other hand, the investigation of the improvement of the properties of high polymer 
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insulating materials themselves, by the radiation also, has been done variously as the radiation 
working up to polyethylene (2). On the effects of irradiation to the high polymer insulating 
materials, many papers were already published and the good results in many fields were already 
obtained as a rule. 
Then, hitherto epoxy resin which is a kind of thermosetting resin, has been extensively used 
as the insulating material of electrical apparatus by the virtue of its favorable properties in the 
electrical one, its less moisture absorption, its excellent properties in the mechanical one and 
its good size settlement also (3). 
Therefore, on the application to the constitution materials for the controlling apparatus of 
electrical machine aI,1d others used in the atomic furnace and others, the elucidation of the 
properties under the irradiation field also is important. In the meantime, epoxy resin is a 
synthethic resin as well-known which has 'more than two epoxy radicals in the molecule and 
one which is most commonly used is bisphenol A type, aliphatic type and cycloaliphatic type. 
Though these epoxy resins are cured with amine, acid anhydrous and other curing agent, the 
radiation resistance appears to be different by the combination of resin and curing agent. As 
to the bisphenol A type epoxy resin, Aitken (4) and Colichman et al (5) compared the radiation 
resistances by using the various curing agents or the diluents. Furthermore, Pluym (6), Price (7) 
or Brechna (8) discussed the relation between the radiation resistance and the molecular structure 
on the various epoxy resins by the irradiation. The several results were hitherto published 
on the changes of physical and mechanical properties as given above, however there was 
great lack of the measurement as to the electrical properties in authors knowledge and a 
few was reported by Horiuchi et al (9), Yamaguchi et al (10), and other only a few authors. 
From these standpoints, the effect of 60Co 'Y ray irradiation on the electrical properties was 
examined.in this paper and especially the arc resistances which were important in using to the 
constitution materials of electrical apparatus took place the are, were discussed. On the results, 
it was known that various radiation effects on the arc resistances of 'Y ray irradiated epoxy resin 
was observed by the difference of the kind and the amount of resin, curing agent and the 
secondary material. Thus, the results were reported in this paper. 
2 Tested materials and experimental technique 
2.1 Tested materials 
Bisphenol A type, epo.xy novolac type, !cycioaliphatic type and other type epoxy resin were 
used. Furthermore, bisphenol A type epoxy resin which :>-o-c bond was replaced by a:rN<~= 
bond and simultaneously no quaternary c-atom that w~s sensitive to the radiation damage was 
present, tetraepoxide and others also were used. (Table I) As the curing agent, amine type, acid 
anthydrous type or other type one were adopted with the various ratioes to 100 parts of resin. 
The kinds of curing agents and basic amounts of them are shown in table 2. Moreover, the resins 
which were loaded with· the diluent and others as the secondary materials also were used. 
Table I 
Species of resin Resin 
Bisphenol A Epikote 828, 
type resin Araldite F* 
Daimer acid 
base resin Epikote 871 ** 
Bisphenol A type which 
}O-C bond was replaced 
C-
byaJN<: bond and Araldite 
. C-
x33/1020*** 
simultaneo usly no 
quaternary c-atom. is 
present. 
Bisphenol A type resin 
Araldite 
which methy groupes 
replaced by H-atoins. x33/1189 
Epoxy novolac Epikote 152 
type resin Chiba EPN 1138 
Tetraepoxide 
Epikote 1031 
+ Bisphenol A type 
+ Epikote 828 
resin 
Cycloaliphatic 
Epikote 190 
type resin 
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Species of epoxy resin 
Curing agent Promoter 
DTA 
HY951 
DAM 
HT907 
HY951 
HY905 DY062 
MNA DMP-30 
HY906 DY062 
MNA DMP-30 
HHPA DMP-I0 
. Amount of resin, 
Curing agent, Curing condition 
Promoter 
100/8 23 ~C, 4 days 
100/11 40 • C, 6 ....... 1.0 hr 
100· C, 1 hr 
100/28 
+ 150·C, 2 hr 
100/110 80· C, 5 hr+160· C,5 hr 
100/11 40 ·C, 6""10 hr 
100/100/1.75 100 • C, 1""2 hr 
100/88/1.5 120·C,2hr+150·C,4hr 
100/88/1.5 +200· C, 16 hr 
100/100/1.75 100 • C, 2 hr+ 150""260 ° C, 
2""24 hr 
60 ·C, 2'"""4 hr+150 °c, (50+50)/80/1 
4""6 hr 
100/100/0-01 
90 ·C, 2'"""3 hr+ 
140 0 C, 6""8 hr 
**Digricidyl ester of daimer acid 
(epichrolhydrin + daimer acid + epichrol-
hydrin) 
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Table 2 Various curing agents and their quantities 
Species Curing agent Amount (phr) Curing condition 
Diethylene-triamine 
8 23 ° C, 4 days (DTA) 
Triethylene-tetramine 
14 23 ° C, 4 days 
Amine (TTA) 
type Diethyl-amino-propyl-amine 8 65 ° C, 4 days (DEAPA) 
HY951 10"'12 40 ° C, 6"'10 hr 
P, P'-diamino-diphenyl-
27 100 0 C, 1 hr+150 ° C, 2 hr 
methane (DAM) 
Boron trifluoride 
Catalyst monoethyl-amine 1 "'5 120 ° C, 1 hr 
(BF 3-400) 
Dodecenyl succinic 
130 100 ° C, 6 hr 
anhydride (DDSA) 
Acid Hexahydrophthalic 80 80 ° C, 2 hr+150· C, 4 hr 
anhyd-
anhydride (HHPA) 
Methyl-nadic 80 ° C, 2 hr+150 ° C, 4 hr 
rous 
anhydride 
89 
+260°C, 2 hr 
type 
(MNA) 
HY905 100 100 ° C, 1"'2 hr 
HY906 100 100 • C, 2 hr+ 150"'260 ° C, 2"'24 hr 
HT907 110 80 ·C, 5 hr+160 ·C, 5 hr 
2.2 Irradiation condition and facilities 
Irradiation source is 16000C 60 Co, equipped in 60 Co 'Y ray irradiation roum of Japan Atomic 
Power Research Institute and the above various plate samples were irradiated there. The radiation 
dose* which was multiplied the radiation time to dose rate 1.4 x 105 'Y/h measured indivisually, 
w~s presented in rentgen ('Y). (Only in the cases the radiation dose* is 5x10s 'Y and 109 'Y, 
the dose rate was choosen to 2:4xl06 'Y/h). Namely, the radiation dose 107 'Y is the radiation 
of about 72h. The irradiation were done at the room temperature and in the atomospheric air. 
2.3 Experimental technique 
As the test procedure, ASTM D495-61 standard method was nearly applied and the upward 
of the sample was covered with the same material having the spacer to creepe the arc sufficiently 
over the sample surface as well as in the previous report (11). (Fig. 1) The stainless steel plate 
electrodes which were O.4mm in thickness, 4mm in width and more than 12mm in length were 
contacted with the test plate sample by applying the weight of 50±5g and were sharpened the 
extremity to 30· to anticipate the stableness of the discharge path. The electrode gap length 
was fixed at 8mm and the gap between sample surface and the spacer was held to 2"'3mm. 
(The variation of discharge current caused by the change of the electrode shape and others was 
obstructed to the same current value as well as in ASTM method by adjusting the test circuit 
resistance.) Under this electrode arrange-
ment, the arc resistance (the arc de-
teriorationtime) and the surface di-
electric breakdown voltage ratio (the 
ratio of surface breakdown voltage 
between the both electrodes after and 
before the ar~ deterioration) were 
obtained, and the insulating resistance 
also was measured altogether. Further-
more, the mechanical and the thermal 
properties as the tensil strength, the 
compression strength, and the heat dis-
tortion temperautre have been tested and 
those changes to the 'Y ray irradiation 
have been examined. At the measure-
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Fig. 1 Electrode assembly 
ments of arc resistances, the tips of the electrodes were usually sweeped to clean in every sweep-
ing and the attachment was put off from those tips. 
3 Experimental result and discussion 
3.1 Radiation dose and arc resistance 
On 106 "'109 'Y irradiated samples cured the various epoxy resins shown in Table 1, with 
amine type and acid anhydrous curing agent, the changes of arc resistances to radiation dose 
were shown in Pig. 2 ....... Pig. 7. ** (The measurements of arc resistances were done in the aggregate 
on about a week passed sample after the irradiation. Then, the arc resistances were shown in the 
maximum, th~ minimum and the average value of 5 ....... 10 tests. ***) 
Moreover, when the approval (substitute P approval) of symmetry of scattering of arc resis-
tances in various radiation dose on the same resin was done, it was known that the result of 
approval was not deliberated at the risk of 2%. This result was found at every epoxy resin also. 
Furthermore, when the radiation dose dependence of arc resistances existed in experimental 
result as shown in later section, the approval (substitute t approval) of the difference between 
the average value of arc resistances at lOS -Y or 109 'Y radiation dose and one at non irradiation or 
*In the damages caused by the irradiation, the absorption dose is more important than the 
radiation dose. Therefore, we must know the actual absorption dose to the resin. 
Since- the radiation dose can however reduce to the absorption dose (stricktly speaking, this 
reduction factor assumes to differ from by the kinds of resins also in some degree and it can 
obtained from the energy absorption factor of 'Y ray), the radiation dose dependence of arc 
resistance seems to be almost same -in the radiation dose representation also as to the tendency. 
**Surface dielectric breakdown voltage ratio was about 4.0""11.4% through the various 
samples at 109 'Y radiation dose. 
***Errow range of arc resistances when ten tests were done on one sample at various radiation 
doses on variuus epoxy resins, was about 1 0 ....... 35sec and it was about 20-62% of the average values. 
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at 106 'Y radiation dose was done and the radiation dose dependence of arc resistances was 
ascertained by the existence of deliberation at the risk of 5""'10%. 
(a) Relation between radiation dose and arc resistance in various epoxy resins. 
Various resins as bispheno1 A type, epoxy novolac type, tetraepoxide and cycloaliphatic 
type shown in table 1 were choosen. For the curing agent, amine type and acid anhydrous type 
one were used in the bisphenol A type resin and acid anhydrous type one was used in the epoxy 
novolac type, tetraepoxide and cycloaliphatic type resin. 
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Fig. 2 Effect of radiation dose on the arc resistance of epoxy resin 
The changes of arc resistances of these cured resins to 106 "", 1 0 9 'Y radiation dose were shown 
as in Fig. 2. From this figure, the tendency of changes of arc resistances is same in each sample 
also "except the bisph~nol A type epikote 828, araldite F and others and daimer acid base resin 
(epikote 871) and it scarcely changes to about 109 'Y radiation dose. 
The arc resistances, however, come to decrease greatly at about 109 'Y radiation dose in 
bisphenol type resin. On the other, it becomes to vesicate at above 107 'Y radiation dose in 
daimer acid base type resin. (The arc resistances decrease in vesicated resin.) Therefore, it is 
known that the radiation dose dependences of arc resistances decrease together. Moreover, in 
c-
the resins :>-o-c- bond was replaced by a "::TN <c- bond and was no quaternary c-atom, 
even in bisphenol A type resin and was no quaternary c-atom, even in bisphenol A type resin, 
the decreases of arc resistances come to be small. 
In brief, it is known that though there exists the case that the effects of irradiation on the 
arc resistances are not observed at about 109 'Y radiation dose also, the decreases are observed 
at over 108 'Y radiation dose and the arc resistances at 109 'Y radiation dose are about 19"""'25% 
of that at non irradiation in the resin that the effects are observed. (The decrease of arc resistances 
is observed at more than 107 'Y radiation dose in vesicated resin.) 
It seems to be usually observed the favorable properties in cycloaliphatic resin. 
(b) Relation between radiation dose and arc resistance in epoxy resin cured with various 
curing agents. 
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On 106 "'109 'Y irradiated cured samples bisphenol A type epoxy resin (epikote 828) with 
amine type and acid anhydrous type curing agent, the changes of arc resistances to radiation 
dose were shown as in Fig. 3. DTA, TTA, DDSA, MNA and others were used as the curing agent. 
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Fig. 3 Change of arc resistance to 'Y ray irradiation 
As well known from this figure, the similar tendency of arc resistances is shown in each resin 
also except the resin cured with DTA, TTA, DEAPA and the arc resistances are scarcely changed 
to 109 'Y radiation dose~ (The changes are not large even in the case they are observed.) More 
increases of arc resistances than one at non irradiation also are rather observed at 'about 108 'Y 
radiation dose. On the resins cured with DTA; TTA, DEAPA and BF3 -400, the arc resistances 
come to decrease greatly at about 109 'Y radiation dose over 108 'Y one, however. Moreover, 
the radiation dose dependences of arc resistances at aromatic type curing agent (DAM) appear 
to be superior than one at aliphatic amine type curing agent (DTA, TTA, DEAPA) even in amine 
type curing agent in above figure. The differences between the arc resistances of resin cured 
with acid anhydrous type curing agent such as HHPA and MNA and the arc resistances of resin 
cured with aromatic amine type curing agent such as DAM are not observed obviously. Since 
the indivisual structures of various acid anhydrous type curing agents are different re,markably, 
it generally seems to be not concluded on this point, Here, it appears that the deterioration 
of DDSA cured resin with the long chain of CH2 is large at 109 'Y irradiation dose in some degree. 
Namely, the properties are unstable at 109 'Y in some degree in comparison with the stableness 
at 109 'Y in MNA, HHP A and other cured resin. 
Then, the minimum value or the maximum value of arc resistances were obtained near the 
basic amount of curing agent in bisphenol A type epoxy resin epikote 828. The minimum value 
was obtained at the 14phr of DTA in DTA cured resin at 109 'Y radiation dose, hence the 
minimum value moves away to the higher amounts of curing agent in comparison with the value 
of about 8phr at non irradiation. The maximum value was obtained at about 35phr of DAM 
in DAM cured resin at 109 'Y radiation dose and the maximum value moves away to the higher 
amounts of curin~ agent in comparison with the value of about 28phr at non irradiation in the 
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same way. (Fig. 4) 
On the contrary, the amounts of curing agent at the minimum or the maximum value of arc 
resistance move away to the lower amounts in comparison with one at the non irradiation in 
some degree at 108 'Y radiation dose. 
These results seem to be due to the destruction and the cross-linkage of molecule. Further-
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more, the tendency of increases of arc resistances near the 108 'Y radiation dose in Fig. 3 is 
assumed to be due to the fact that arc resistance-amount of curing agent curve differs from 
by the radiation dose as shown in Fig. 4. Moreover, there exists that the position of the curve 
varies up and down or to the right and left by the radiation dose, and the arc resistance in each 
radiation dose at same amounts of curing agent shows the maximum value which is obtained at 
nearly l08 'Y radiation dose, 
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(c) Relation between 'radiation dose and arc resistance in the resin with the secondary 
materials 
The radiation dose dependences of arc resistances in the resins with the diluent, the filler 
and the flexibilizer are shown as in Fig. 5"'Fig. 7. Namely, by loading with the diluent (re-
active diluent AGE) arc resistances at 1 07 "'1 08 'Y radiation dose increase more than those at 
non irradiation. (Fig. 5) The arc resistances increase as a rule with the increase of the amounts 
of the diluent at the range of 1 0""'30phr, while the decrease of 6""31 % of arc resistances at non 
irradiation becomes to appear at 109 ,),. By loading with the non reactive diluent DOP, the arc resis-
tances decrease slowly at above 107 'Y. When loaded with the fillers, the irradiation resistances 
are favorable to about 109 'Y radiation dose also, in spite of their kinds. When loaded with the 
fl,exibilizer, the radiation dose dependences falls. That is, when the radiation dose increase, the 
rate of decrease of arc resistances is large. The arc resistances at about 109 'Y decrease to about 
34"'66% of that at non irradiation (Fig. 7). 
3.2 Discussion from the point of arc resistance of each irradiated epoxy resin 
There exists that the properties of epoxy resin become to change remarkably at the high 
radiation dose especially as shown in the experimental result of 3:1. Now when these electrical, 
thermal and mechanical properties such as the arc resistance, the heat distortion temperature, 
the tensil strength and others are shown in order to discuss the arc resistances of these irradiated 
epoxy resin from the practical use, the properties are represented as in Fig. 8. From these results, 
it is known that the arc resistances in cycloaliphatic type epoxy resin are more comparably 
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Various properties of 'Y ray irradiated epoxy resin 
large value than those in bisphenal A type and epoxy novolac type one. On the contrary, the 
both cases in the largeness ar in the smallness of the heat distortion temperature, the bending 
strength and the impact strength in cycloaliphatic type resin in comparison with those in bis-
phenol A type resin and others exists as to the thermal and the mechanical properties, while in 
general the mechanical properties such as the tensil strength and the compression strength appear 
to be more superior than those in each resin in some degree. The effects of irradiation on the 
arc resistances oJ r.esins with the fillers are not remarkable. When the electrical, the thermal, 
the mechanical and other various properties of irradiated resins with the fillers are shown as well 
as in above non filled irradiated resins, those properties are illustrated in Fig. 9. The tendency 
of decrease of insulating resistance to the increase of the radiation dose is observed in the resin 
with each filler also, while the large value (3.1"'5.5)xI012n in comparison with one in the resin 
with other fillers is obtained in the resin with Si02 and AI(OHh at 109 'Y radiation dose. More-
over, the heat distortion temperature is not changed remarkably by the irradiation even in any 
filler loading. Though the effects of the kinds of fillers on the mechanical properties differ from 
in some degree by the indivisual one, they are observed obviously in the bending strength as 
a rule and decrease with the increase of the radiation dose. However, in the resin loaded with 
Si02 and AI (OHh, the decrease is comparably small. From the above results, the favorable 
radiation resistances are obtained in the resin loaded with Si0 2 and AI (OHh. 
Consequently, considering from the general view, cycloaliphatic type epoxy resin loaded 
with the fillers such as Si02 and AI (OHh seems to be superior as to the arc resistance mate-
rials under the irradiation. 
19 
4 Conclusion 
The effects of radiation dose on the arc resistances have been examined on 1 ray irradiated 
epoxy resins. The results obtained in the experiment summarized as follows. 
(1) There exists the case that the effects of 1 ray irradiation on the arc resistances in each 
epoxy resin is not observed to approximately 109 1, while they are observed at over 108 1 
irradiation at the observed case and the arc resistances come to decrease. Generally speaking, 
the superior. properties are obtained in cyc10aliphatic type resin. 
(2) Though the effects of 1 ray radiation dose on the arc resistances of resins cured with 
each curing agent are scarcely observed to about 109 1 in aromatic amine type and acid 
anhydrous type curing agent and the decreases of arc resistances are not observed (even ,in the 
case the effects are observed, the degree of the decrease is small) the arc resistances come to 
decrease remarkably at about 109 1 over 108 1 in aliphatic amine type curing agent and 
catalyst one. 
(3) The amount of curing agent for the maximum value or the minimum value of the arc 
resistances varies from it for the maximum one or the minimuin one at non irradiation by the 
radiation. This is assumed to be due to the crosslinkage and the d,estruction of the molecules. 
(4) The arc resistances increase more than those at non irradiation at 107 "'108 1 irradiation 
dose by loading with the reactive diluent. Even in this case; the arc resistances seem to decrease 
more than those at non irradiation at over 109 'Y irradiation dose. However, when the fillers are 
loaded, the arc resistances are nearly constant to about 109 1 in spite of the kinds of fillers and 
their decreases are not observed. Furthermore, when the flexibilizers are loaded, the radiation 
dose dependence of arc resistance decreased and the rate of decreases of arc resistances become 
to be great with the increase of radiation dose. 
(S) Considering from the arc resistances or other electrical, thermal and mechanical 
properties, cyc10aliphatic type epoxy resin with the fillers such as Si02 and AI (OHh is 
superior. 
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